The Institute of Transportation Engineers (ITE) Trip Generation Handbook has become the predominant method for estimating vehicle trips generated by development. The handbook is often criticized for its inability to account for multimodal behavior in urban contexts, often overestimating vehicle traffic. The purpose of this research is to develop and test a ready-to-use method for adjusting the ITE handbook vehicle trip generation estimates for urban context. This method was created using household travel surveys from Oregon, Washington, and Maryland, as well as nationally available built environment data. Three adjustments were estimated for eight general land-use categories, including a "pooled" category considering all travel survey data. The performance of three adjustments were tested using 195 establishment-level vehicle trip generation datasets compiled from three independent sources. Using this data, the performances of four land-use categories were tested. The overall findings suggest that the simplest of the three adjustments developed provided similar results to the more complex adjustment methods. Moreover, adjustments applied using the "pooled" land-uses category also provided similar results to the more detailed segmentation of travel survey data. Both of these findings punctuate the need for a simple, urban adjustment for trip generation estimates. 
Introduction
The Institute of Transportation Engineers (ITE) Trip Generation Handbook (Institute of Transportation Engineers 2004)-and its corresponding Informational Report 1 (Institute of Transportation Engineers 2008)-has become the predominant method for estimating vehicle trips generated by different land uses or establishments . With data collected from more than 5500 studies across 170 land uses, the handbook provides average trip rates and equations to estimate vehicle trips generated for land uses ranging from coffee shops to commercial airports. The handbook was originally developed to provide a widely available, ready-to-use method for determining the impact of new or renovated developments on the nearby transportation facilities (Institute of Transportation Engineers 2004 , Gard 2007 ) and has become the industry standard.
The recommendations in the ITE Trip Generation Handbook acknowledge that " [i] f the site is located in a downtown setting, served by significant public transportation…the site is not consistent with the ITE data" (Institute of Transportation Engineers 2004, p. 15) . Instead, ITE recommends using local data collected in locations similarly situated within the urban context. Despite this guidance, estimates using the ITE handbook have been applied to countless developments across urban, suburban and exurban area-types for more than 50 years. The probable outcome of this urban insensitivity is the over-building of vehicle facilities in urban area-types .
The ITE recognizes the limitations of the handbook's data and reminds the analyst to consider the environment surrounding the development before applying the estimation method. The handbook "provides no recommended practices, procedures, or guidelines" related to urban adjustment (Institute of Transportation Engineers 2004) . While the ITE is currently in the process of updating the method for data collection and estimation of traffic, the new extensive, nationally collected, multi-modal, personoriented data will not likely be available for some time. Meanwhile, local governments continue to be hampered by methods of estimating transportation impact that are simply not sensitive to urban environments , Nelson\Nygaard Consulting Associates 2005 , Rizavi and Yeung 2010 , Shafizadeh et al. 2012 .
This research addresses the need to adjust vehicle trip estimates derived from the ITE's Trip Generation Handbook for urban contexts by accounting for non-automobile travel in areas with greater density, accessibility to transit, or a diversity of land uses. In this research, we utilized data from multiple regional household travel surveys (HTS) to develop three methods to adjust the handbook's vehicle-oriented trip rate estimates. These methods of adjustment were then tested using independently collected, establishment-level data from a variety of land-use types. The aim of this research was not to replace the ITE's handbook and data, but rather to develop a nationally applicable, ready-to-use adjustment for urban contexts to supplement the handbook until more urban-sensitive data can be collected and more robust methods for estimation are available. The availability of these people-based methods will allow planners and engineers to recommend transportation mitigation techniques appropriate for urban development.
Literature review
While some studies have investigated the extent to which error has been observed when the ITE handbook method is applied to urban land uses , the focus of this literature review is on the ways in which jurisdictions and practitioners are accounting for the differences in travel between urban and suburban land uses as well as some of the available methods of urban-context adjustments. Or suntiae ctianis cimusdam, aut ipsant, odistio inimpe optium voluptatemos moluptatius et litia quo et ma quisciantium elestib usciae a velecus nullaborest, seque lab inveror runtius sequi con natissit quam et des reperion non perspeditat.
Non-ITE data collections
Collecting urban trip generation data can be more costly compared with data collected in suburban or exurban areas because of the more complex site layouts, the need to capture multimodal trips, and accounting for automobiles arriving that park offsite or in shared parking lots , Daisa et al. 2013 . Despite this, a few jurisdictions have started to collect their own trip generation data to better prepare local developers with trip rates that are sensitive to their urban contexts (San Francisco Planning Department 2002, San Diego Association of Governments (SANDAG) 2010, New York City 2010, Virginia Department of Transportation 2008). The rates or adjustment factors provided for each jurisdiction, however, are only relavent to the immediate location and are rarely tested for transferability outside of the region. The company Arup has developed a promising online public tool called "trip genie," which is comprised of more detailed and transparent trip generation data collected from published studies from across the United States. This database provides a transparent and flexible method for practioners to select reasonable data that is similar to the built environment and context of the development site in question (Arup 2012) . It provids a way to search through data, examine each site or data-point in more detail, conduct searches based on the urban-context of the location, and provides multimodal travel data where they were collected. While still in its development, this resource compiles data from published studies; and therefore, it relies on the data being collected and published by other institutions.
Ultimately, for most jurisdictions, the expense of collecting primary, establishment-level data to compile local trip generation rates outweighs the usefulness of having tailored, local trip generation rates. Moreover, it takes many years to compile enough sample data from published sources to represent a wide variaty of land uses, time periods, and urban contexts-which is why it took the ITE more than 50 years to compile over 5500 studies. As an intermediate step-while we wait to compile enough urban-based trip generation data-this paper looks to create adjustment methods that act as pivot models, allowing us to account for changes in the built enviornment using smaller samples of built environment data.
Urban context adjustments to the ITE estimates
There are two areas of research that focus on urban-context adjustments to the ITE trip generation estimates: those focusing on multi-use development adjustments and those focusing on single-use, infill development adjustments.
Multi-use development adjustments
A multi-use development is a site that has more than one land use. For these locations, analysts need to take into account both multimodal travel as well as internal capture-in other words, they need to account for the multiple trips generated from people walking to and between establishments that should be accounted for by a single trip to the development as a whole. Although multi-use development adjustment methods like these have been applied to trip generation estimates at single-use developments, there is little evidence to suggest these multi-use methods account for the same type of behavior at single-use developments in urban areas. Shafizadeh et al. (2012) applied five multi-use adjustment methods to 12 single land-use developments for the California region. Their results were inconclusive, and they were not able to recommend one of these multi-use methods for the adjustment of single-land-use developments. In their conclusions, they determined the development of a new method may be necessary, one that is based on available data sources as additional data collection can be costly in both time and money.
Single-use development adjustments
There are currently a few adjustments available that account for multimodal travel at single-use developments in urban areas. ITE presents an approach in the handbook developed by JHK and Associates et al. (1996) , which considers direct reductions of estimating trip generation rates based on proximity to transit with supportive land use (e.g. density, floor-to-area ratios, pedestrian or bike facilities). Although published as a "draft," this text has been the only adjustmnet method included in ITE's handbook, and even so, only as "information" for practicioners and not as guidelines.
Meanwhile, researchers in California and Oregon have developed tools to supplement the ITE's handbook vehicle trip rate estimates for specific land uses based on original, site-level data collections . In both these studies, adjustments to either the trip generation rates or the trip generation estimates were estimated as a function of the built enviornment. Both of these Oregon and California methods are limited to small sample sizes of a select few land-use types, and neither study has yet been tested for transferability to areas outside of its data collection region or city. Currently, there are two studies that have applied travel survey data to develop trip generation adjustment methods. Most recently published, NCHRP Report 758 outlines a method to analyze regional travel survey data to provide local mode share adjustments to trip generation data (Daisa et al. 2013) . In this method, the ability to develop a regional adjustment method is contingent upon the availability of a regional travel survey and the onus of data analysis is placed on the practitioner. Moreover, mode share adjustments are based on mode splits of trips in travel analysis zones (TAZs), limiting the applicability of adjustments to TAZs that have a large enough sample of trips to calculate a mode share rate. An earlier study used the 2006 Puget Sound Regional Travel Survey to estimate a binary logistic model that predicts an automobile/non-automobile mode share rate for an aggregate land-use category, which includes: shopping, dining and personal service land uses (Clifton et al. 2012) . Since this method was limited to a single household travel survey, its application outside the region remains questionable.
Guiding principles
Based on this literature review, we established three guiding principles or criteria to develop a method to adjust the ITE's Trip Generation Handbook vehicle rates building on previous research (Clifton et al. 2012 ) and working to fill in the gaps where currently avaible primary data are unavailable. The objectives directing this research include developing a method that: (1) includes ready-to-use equations for practitioners to apply; (2) can be used anywhere in the United States; and (3) was tested on independently collected data. We present three methods of adjusting the ITE's Trip Generation Handbook vehicle trip end estimates to take into account other mode-share and vehicle occupancy. In order to create these methods, we used household travel diary data from three regions: Portland, Oregon; Puget Sound, Washington; and Baltimore, Maryland. This data provides trip observations across a range of urban contexts in three different regions. We organized the travel diary data into trip observations and collected built environment measures for all locations using nationally available data. We estimated three adjustments for eight different general land-use categories. Each of these methods was then tested on independently collected, establishment-level vehicle trip generation data to compare the error of these urban-context adjustment methods and the ITE's handbook estimates.
Framework for an urban-context adjustment
Before we discuss the development of the adjustment methods, we will first provide an overview of how to apply the proposed urban-context adjustments in a traffic impact analysis. The adjustments developed in this research are mode-share adjustments. There are five steps to applying a mode-share adjustment to ITE's Trip Generation Handbook estimates for any given urban development using the tool developed by this study 2 .
• Step I: Calculate the vehicle trip generation estimate for the development location according to the ITE Trip Generation Handbook. • Step II: Estimate the total person trip end estimates based on the ITE handbook and assumptions. In this second step of adjustment, the analyst would convert the handbook's estimate of vehicle trip ends for the development into an estimate of total person trip ends. This requires two assumptions to estimate the (1) mode split and (2) vehicle occupancy rates at the establishments of the data provided by the ITE handbook. Since developments located in "downtown setting(s), served by significant public transportation" are "not [considered] consistent with the ITE data" (Institute of Transportation Engineers 2004 p. 15) and because the ITE data tends to represent locations with "limited ability for pedestrians to walk into the site from nearby parcels" (p. 17), we assume a 100 percent automobile mode split and a vehicle occupancy ratio of one person per automobile for data provided in the ITE's handbook. Occasionally, the ITE reports additional information about certain land uses-such as transit mode shares or vehicle occupancy rates. When available, this information could be applied in Step II as a more robust assumption of the data provided in the ITE's handbook.
•
Step III: Estimate the automobile mode share and vehicle occupancy for the urban development location using the adjustment methodologies developed in this research. • Step IV: Use the estimated mode shares and vehicle occupancy rates from Step III to reallocate the total estimated person trips for that location from Step II into "urban" travel modes.
• Step V: Apply the new vehicle trip generation estimates for the development-adjusted for the urban context of the development in
Step IV-in a traffic impact analysis. The following two sections on "Data" and "Urban adjustment equation development" discuss the development of urban-context automobile mode share and vehicle occupancy rate estimates from household travel survey data. These equations are the heart of the adjustment method presented in this paper. In the subsequent Section 6, "Verification of method," we apply the mode-share and vehicle occupancy equations developed-using Steps I through V-on independently collected, establishmentlevel data as a practitioner would apply it. In this section, we compare the ITE's handbook estimates, the urban-context adjusted estimates, and the observed real-world trip counts to test the performance of these methods.
Data
We used two types of data to develop the urban adjustment. First, three household travel surveys from three cities across the United States were used to estimate changes in mode choices and vehicle occupancy rates across a variety of urban contexts. Second, we used built environment data to quantify the urban context of the development location. The following sections detail these data.
Household travel surveys
Travel surveys record travel observations in terms of trips. A household travel survey "trip" consists of: an origin or where the person came from; a destination or where the person is headed; and information about the trip itself, including mode choice, vehicle occupancy, time of departure and arrival, day of the week, etc. Conversely, establishment-level, trip-generation data provides the total number of automobile trip ends that enter and exit the establishment during the study time period. One benefit of using travel surveys to explain or estimate automobile mode shares and vehicle occupancy rates for different land uses is that-unlike the limited sample sizes of establishment-level data collections as in the ITE's handbook-travel surveys capture travel behavior across a wide range of urban areas and land-use types. This allows us to estimate changes in travel behavior at an establishment-level based on aggregate estimated changes in travel behavior on an individual level.
In order to provide parity between the travel surveys and the ITE's handbook, travel survey trips were disaggregated into "trip ends." We compiled the data into trips entering development locations (travel survey trip destinations) and trips exiting locations (travel survey trip origins). Each trip end represents unique observation.
We used three travel surveys: the 2011 Oregon Household Activity Survey (OHAS) for the Portland metropolitan area; the 2006 Puget Sound Regional Travel Survey from the Puget Sound Regional Council (PSRC); and the 2001 National Household Travel Survey Add-On Program for the Baltimore Regional Transportation Board (Baltimore). Each of these surveys provided spatial information about the location of each trip end. Using the XY-coordinates of the trip ends, we were able to calculate various measures of the built environment to describe the urban context of the trip end location (discussed in the following section). For a summary of all travel survey trip end data, see Table 1 .
Data in this project were organized similarly to the ITE's Trip Generation Handbook land-use, time and day categories. Trip end observations occurring throughout the day were segmented into peak-hour periods that correspond to the common peak periods for the facilities: the a.m. peak period is from 7a.m. to 9 a.m., the p.m. peak period is from 4 p.m. to 6 p.m., and the midday period is from 9 a.m. to 4 p.m. Additionally, day of the week indicators identify activities that occur on the weekends (Saturday or Sunday), the workweek (Monday through Thursday) and Friday. A variable was created to indicate observations that occur during winter months to determine potential seasonal differences in observations for November through February.
In the travel survey diaries, an activity or purpose was recorded for each trip end. These activities or purposes do not directly translate into land-use types, as defined within the ITE handbook. In order to use these travel surveys to describe the travel behavior at different land uses, we developed a schema crosswalk to link the activities occurring at the trip ends and likely land use at which each type of activity may occur. Crosswalks for eight general land-use categories were developed: office, restaurant, residential (single-family detached, multi-family, and general residential), service (non-restaurant), and retail, as well as an eighth category considering all trip ends. In general, trip purposes reported by travel surveys are not easy to relate to land-use types provided by the ITE's handbook. As a result, trip purposes were grouped into these eight land-use categories based on observation and the authors' knowledge . To describe how this table is used in the adjustment methods, we will discuss how the trip purposes were classified into the general land-use categories. First, we examine the travel survey trip activities or purposes. Trip purposes that are not identified as being related to the trip-maker's home or place of work, were categorized as one of six land-use categories: (1) single-family residential, (2) multi-family residential, (3) restaurant, (4) service (non-restaurant), (5) retail and (6) office. Any trip that did not fit into one of these categories was classified as "miscellaneous" for the time being.
For any trip purpose that we identified as being "home-related," we investigated the trip-maker's home location and any relevant information about the housing structure type that the travel survey diary may have provided3. For example, if a trip-maker participated in a "work-at-home" activity-and this person also provided information about his or her "home-structure type" being a duplex-then we classified that trip in the "multifamily-residential" land-use type. We pooled the data from the land-use categories (1) single-family residential and (2) multi-family residential, as well as any trip purposes that were identified as "residential" without any distinguishing information about the housing structure, into a seventh land-use category: general residential. Following, for any trip purpose that we identified as being "work-related," we also investigated the trip-maker's occupational industry type to help assist the classification of that trip purpose into a general land-use category3. For example, if a trip-maker took a trip to a "work-based" location, and his or her primary occupational industry was listed as "grocery," then we classified that activity as "retail" (see Figure 1 for the example). Finally, we created an eighth general land-use category containing all trip end purposes-including miscellaneous purposes-to represent a "pooled" category containing all trip ends. Tables:  Table 4x1 : "All workers; For All 3 Categories of Sex; For All 15 Categories of Industry" 4.2.1.1.1.1.1 Table 4x6 : "All workers; For All 3 Categories of Sex; from Retail Trade Industry" 4.2.1.1.1.1.2 Table 4x9 : "All workers; For All 3 Categories of Sex; from Finance, Insurance, Real Estate and Rental and Leasing Industry" 4.2.1.1.1.1.3 Table 4x10 : "All workers; For All 3 Categories of Sex; from Professional, Scientific, Management, Administrative, and Waste Management Services Industry" Table 4x12 : "All workers; For All 3 Categories of Sex; from Arts, Entertainment, Recreation, Accommodation and Food Services Industry"
We estimate the mode share adjustments and vehicle occupancy rates based on these general landuse category datasets organized using this schema crosswalk. Therefore, a schema crosswalk that might be developed using different assumptions (i.e., an "eating outside of the home" activity may be classified as a park, grandma's house, or a food cart) may provide different results in adjustment. Without knowing the actual land use at which each activity occurred, we do not know whether the schema crosswalk developed in this analysis is the most accurate. However, we assume that the very general categorization of these activities may provide better estimates of mode share and vehicle occupancy compared to a pooled dataset of all activities occurring in all travel diaries.
To test for whether the schema crosswalk provided in Table 8 3 improves the ability to estimate the urban-context adjustment to trip generation, we test the eighth "pooled" land-use category, which includes all trip ends in one comprehensive dataset. When testing whether the urban-context adjustment estimate method provides less overall error-an improvement in estimation-compared with the ITE's handbook, we will also test whether the schema crosswalk used to segment the dataset into general land-use categories provides an improvement when compared with using the "pooled" dataset. If not, the "pooled" dataset and corresponding adjustment could be recommended until a better method for categorizing the activities into land uses may be developed. 
Built environment measures
In order to describe the urban area of each observed trip end location from the travel surveys, we collected data from built environment information for the surrounding environment. The most disaggregate way to describe urban context is through individual built environment (BE) measures for individual land-use types such as residential density or land-use mix. There is a large literature investigating the relationships between the built environment measures and travel behavior (Cervero and Kockelman 1997 , Ewing and Cervero 2001 , Ewing and Cervero 2010 , but the findings supporting one defining measure to estimate changes in mode choice are inconclusive, and there are hundreds of these individually calculated built environment measures that could be used to represent the urban environment (D'sousa Cervero 2001, Ewing and Cervero 2010) . Alternative methods have been used to define the urban environment using composite indices or clusters constructed from many correlated individual measures . Applying these methods in this analysis would require the practitioner to collect many built environment measures, conflicting with one of our guiding principles, which is to make the method ready-to-use and easy to apply. While a significant amount of the literature is aimed at quantifying the impact of built environment on travel behavior, the purpose of this research is to select built environment measures that can be calculated using data widely available across the United States, such as the Census. Portland, for example, has rich built environment information data including: sidewalk coverage, tree cover, bike corral parking, LiDaR elevations, parcel floor-to-area ratio estimates, regional zoning and land-use shape files, and lot coverage. Although this detailed information may provide insight into how the trip-makers decide where and when to travel (Schneider 2011) , these data are not ubiquitously collected and available for most regions or jurisdictions in the United States. Table 1 .
We calculated 20 different built environment measures, described in Table 1 , for each observed travel diary trip end. Each measure was calculated for the 0.5-mile Euclidian buffer area surrounding the location according to the GIS protocols by D' Sousa et al. (2012) . In addition to the 20 built environment measures, we calculated two additional variables to help control for regional accessibility-Euclidean distance to the central business district (CBD)-and quality transit accessibility-whether the activity location occurred within 0.5 miles of a TOD. Table 2 provides a summary of the corresponding built environment observed at all trip ends in the three travel diaries, as well as the household, tripmaker, travel, time and date characteristics that describe the "pooled" dataset. 
Urban adjustment equation development
Once the travel survey data was organized into general land-use categories and the built environment data had been collected for all trip ends, we used the data to begin the urban adjustment equation development. This section details the development of each of the three different adjustments-all of which are adjustments using mode shares and vehicle occupancy applied directly to the ITE handbook vehicle trip generation estimates. The first of the three adjustments-Adjustment A-is the most parsimonious. It consists of a table of the multimodal mode split (in percent) by one measure of the built environment (activity density). The second and third adjustments-Adjustment B and Adjustment C-use regression analysis to estimate the automobile mode share, controlling for additional information, such as the time of day, day of week, whether the observation occurred during winter months, and the trip activity location's built environment.
We estimated an additional set of regressions to predict vehicle occupancy rates. These vehicle occupancy regressions, or equations, are used in all three methods-A, B, and C-in the adjustment described in the earlier Section 3 "Framework for an urban-context adjustment." The outcomes of these three methods are the same; they provide a way to estimate the automobile mode share (as a percent) and vehicle occupancy rates at a given development. We describe each of the three adjustments methods developed in this research in the following sections.
Adjustment A: Multimodal mode share aggregate table
The ITE's handbook segments its vehicle trip generation rates by time of day, day of the week, and specific land-use type. While the latter two adjustment methods-B and C-control for variations in automobile mode share for these characteristics, we wanted to test the simplicity of parsimonious multimodal mode-share tables, which provide a mode split for incremental ranges of the built environmenti.e., 0 to 50 people per acre, 50 to 100 people per acre, etc. For the purpose of simplicity, activity density is used as a measurement of urban context. There are a large number of built environment measures that could be used to describe the urban-ness of a location (e.g., intersection density, employment density, access to transit, and percent of total intersections that have four or more approaches). Activity density-a measurement of the number of residents and employment per acre within a 0.5-mile buffer of each trip end location-serves only as a proxy for the many elements that make up or describe urban form. Thus, we segment trip ends into incremental ranges of activity density, calculating the unweighted multimodal mode shares of trip ends in each activity density range for each general land-use category. Adjustment A (see Table 3 ) provides a look-up table of mode splits for each general land-use category, as well as a pooled "all trip ends" data. Practitioners can simply calculate the activity density of their development and look up the estimated mode split for the relevant general land-use category as shown in Table 3 .
One of the advantages of using a simple, mode share look-up table like Adjustment A is that we can estimate the non-automobile mode shares for bicycling, walking and transit. Adjustments B and C employ a multivariate binary logistic regression to estimate the automobile mode share, which allows the user to control for more information (e.g., time of day or day of the week). More information about the non-automobile trip-makers, however, may help practitioners understand or estimate the number of people-and their modes-that may come to their development, not just the number of vehicles.
Caution should be used for activity density range categories with small sample sizes (less than approximately 50 trip ends observed). For example, there are far fewer observations in the densest category-300 to 350 people per acre-leading to a smaller sample of trips or activities observed. In these categories with small samples, the mode share estimate may be much less accurate. The sample size of each category in the activity density range is contingent on what was observed in the household travel surveys. Additional travel survey data-potentially from different regions in the United States-could be compiled to supplement this look-up table and increase the sample size for certain categories.
For some of the land-use categories, we observed higher rates of walk trips in the 150-200 people per acre range, compared to denser areas. The highest level of observed activity density in Portland and Baltimore was just under 200 people per acre. Trips observed at densities above 200 people per acre occurred in Seattle. We also know that the OHAS survey (Portland) script was administered with intentional prompting of participants to help capture the short walk trips that so often go underreported in many traditional surveys (Singleton and Clifton 2013) . This means that observations occurring at densities less than 200 people per acre include the short walk trips in downtown Portland that would typically go unreported. Walk trips occurring in the densest parts of Seattle, where activities and land use are much closer and corresponding trip lengths are generally shorter, are likely underrepresented in this sample-leading to higher automobile estimates in the greater densities.
Look-up tables like Adjustment A do not control for differences in mode shares when other metrics change, e.g., time-of-day or access to rail transit. One way to control for these differences is to perform a regression analysis on the trip-level mode choice while controlling for additional trip characteristics that may bias the mode shares across different urban forms. This process was used to develop Adjustments B and C and is described in the next section. To build more robust estimations of automobile mode share rates across urban context, we apply binary logistic regressions to estimate the odds that people will take-versus not take-a personal automobile for his or her trip. While multinomial logistic models may provide an estimated multimodal mode share, we could not use this model because we do not have information about the alternative mode choices the trip-maker did not choose, in addition to the information we have about the mode choices the tripmaker did choose. In the methods B and C, we control for additional trip characteristics, such as time of day, day of week and whether the trip occurred during the winter months. Both of these methods allow the practitioner to use the estimated model as equations to estimate the automobile mode share (as a percent) using a particular built environment measure. While multinomial logistic models may provide an estimated percent mode share for all modes, this type of model was prevented from being used due to limitations in compiling three different regional travel surveys as well as availability of data describing the trip-makers alternatives not chosen. The two adjustment methods vary in one way: the selection of the built environment measure used to represent the urban context of the development location. While Adjustment A provides an estimate of the automobile mode share using a built environment measure that provided the best statistical fit, Adjustment B provides an estimate of the automobile mode share using a built environment measure with sensitivity to land-use policies. Once controlling for other characteristics of the trip like time of day and day of the week, the built environment measure that provides the best statistical fit (e.g., the highest pseudo R 2 value) is most often intersection density (see Table 1 for definitions). For greenfield areas, intersection density provides an excellent guideline for planners and developers to create the built environment that can provide the backbone for multimodal travel. For areas that are already somewhat developed, it becomes very difficult to implement a change in intersection density if a practitioner or land-use planner desires to plan for an area according to some target automobile, or non-automobile, mode share rate.
For this purpose, we estimate a third set of equations-Adjustment C-that provides a strong statistical fit (often less than 3 percent difference compared with the Adjustment B fit), which also considers a built environment measure that is more sensitive to urban infill land-use planning policies. Secondary or complementary built environment measures were tested, but did not provide an improvement in the explanation of variance (pseudo R 2 ) of more than 1 percent. Thinking of the practitioner, we decided to use only one measure of the built environment to represent changes in the urban context for each adjustment.
For each general land-use category and each adjustment method, 20 models were estimated that consider each built environment measure described in Table 1 . Each of these models control for the same set of general variables: time of day, day of the week, and whether the trip was observed during a winter month (November through February). Two additional variables were included in each regression to control for the general regional accessibility (Euclidean distance to the CBD) and quality transit accessibility (whether the location was located within 0.5 miles of a TOD). The Euclidean distance to the CBD and each of the built environment variables had statistically significant (p-value < 0.01) Pearson's correlations between zero and -0.25. This low correlation allowed both the distance to the CBD and each of the built environment variables to be included in the same regressions without concern for multicolinearity.
The binary logistic models selected for each land-use category for Adjustment B and C are shown in Table 4 and Table 5 , respectively. Each model estimates the "odds ratio" that traffic will occur in a personal automobile, versus not in a personal automobile, for the inputted development location. This odds ratio can be converted into a probability that describes the estimated personal automobile mode share for the provided urban context. When evaluating Adjustment B and C binary logistic models, the direction of the effects for each of the built environment variables was intuitive. For example, as intersection density increases, the areatype becomes more urban and automobile mode shares decrease. In general, as the distance from the regional CBD increases, the automobile mode share increases, and when the trip end is located within 0.5 miles of a TOD, the odds that an automobile was used for the trip decreases. 0.00 * Indicates dummy variable. ** "Daily" coefficient was a weighted average of the time-of-day coefficients based on proportion of observations in each dataset. Using household travel surveys to adjust ITE trip generation rates
Vehicle occupancy models
The second part of a mode share adjustment accounts for changes in the vehicle occupancy rate for each general land-use category and the trip characteristics, such as time of day, day of the week, etc. We used linear ordinary least square (OLS) regression estimation to estimate vehicle occupancy rates. Although we tested all 20 measures of the built environment in the regression analysis, no one model estimated provided a moderate or strong statistical fit explaining the variation in vehicle occupancies. To avoid overcomplicating this portion of the adjustment method-especially since the ITE handbook does not report vehicle occupancy rates very often-we selected activity density as a proxy for the urban environment for each general land-use category. For each of the eight general land-use categories, Table 6 provides the estimated vehicle occupancy regressions. The model performances for all models were low. Although all the included variables remain highly significant in explaining the variation, the effect size of activity density remains very small. Although theory might suggest that vehicle occupancies would be greater in more urban areas, the results indicated that-while occupancy rates vary significantly across the built environment-the effect size of this variation is still very near zero. Vehicle occupancy may be more strongly related to the trip-maker's socio-demographic information, which is not controlled for in this analysis. Despite the low explanatory power of these models, the output of these regressions provide a means for estimating average vehicle occupancy rates while controlling for varying time of day, day of week and season, and they should be used until improved models can be estimated. 
Verification of method
From the model development in the previous section, we have some understanding of how well the regression equations fit the travel survey data when estimating automobile mode shares and vehicle occupancy rates (e.g., pseudo R 2 , coefficient standard errors, p-values). To test the effectiveness of the proposed adjustments in improving trip generation estimation for urban areas, we applied the adjustments-as a practitioner would-on 195 existing automobile trip count data collected at known establishments where we can calculate different measures of the built environment.
Process and data
In order to test the proposed adjustment methods, we compiled traffic impact analysis data-or vehicle trip counts-from three sources: a Portland State University study from 2011 ), a California-based data collection prepared by Kimley-Horn and Associates (Daisa et al. 2009 ), and more recent data collections provided by the ITE. Each of the studies collected the trip count data in accordance with the ITE's Trip Generation Handbook where possible. For more urban locations, the studies adjusted their data collection efforts to control for the urban environment-collecting person trip counts, mode shares, and vehicle occupancy rates. Limited establishment-level data were available; and therefore, not every land-use category was tested. From these data, we tested the adjustment methods for four of the eight general land-use categories: residential, office, restaurant and retail. Additionally, we tested each data point using the relevant general land-use category as well as the "pooled" land-use category to evaluate the usefulness of the segmentation of land-use categories. Out of the 195 points: 71 percent were collected within the Portland, Oregon, region; 24 percent around Oakland, San Diego, and Los Angeles, California; and the rest in Maryland (near Washington, DC) and Vermont. Approximately 86 percent of the data were collected during the p.m. peak hour of the adjacent street traffic.
Results
Although 195 data points may sound like a substantial amount of data, once segmented by land-use type and time of day, the sample size for some categories of comparison becomes very small. Despite the sometimes small sample sizes, we present all results in Table 7 . The ITE handbook requires three data points to establish a new land-use category and provide a new vehicle trip rate (Institute of Transportation Engineers 2004 p. 16). With such low standards for sample size before conclusions on trip generation rates are drawn, we think that the inclusion of any data and results may be valuable for the practitioner's interpretation. Further data collection and testing is required before this method can be considered fully validated for the purpose of application in traffic impact analysis for certain land-use types. Before a full conclusion on the application of these adjustment methods can be made for some of these categories, we encourage users to use their own judgment to determine whether the data presented in this analysis meets their own standards for sample size given the provided developments.
To test the three proposed adjustment methods, we employ the method discussed in Section 3 "Framework for an urban-context adjustment" on page 88 using Steps I through V. The results include four estimates for each data point: an estimate from the ITE handbook and three adjusted estimates from Adjustment A, B and C. Each of these vehicle trip generation estimates are then compared with the observed-or the actual-vehicle trip generation counts. The normalized root-mean-squared error (NRMSE) metric is used to compare each of the estimates with the observed counts (see Equation 3 in the Appendix: Equations on page 119).
The NRMSE metric, expressed as a percent, is an approximation of the standard deviation (or squared variance) of the error (the difference between the estimate and the observed value) normalized across the range of observed values. Generally, smaller percentage values are preferred, which indicate a rate of error that is respectively small compared to the range of observed vehicle trip generation counts. Moreover, when the sample size for any given category is small and the range of observed trip generation rates is small, the NRMSE becomes inflated. Smaller sample sizes and smaller observed ranges of vehicle trip counts, therefore, are penalized with a higher NRMSE value. Sample sizes for each general land-use category and ITE Land Use Code, as well as the calculated NRMSE values, are provided in Table 7 . Overall conclusions about how estimates from the ITE's handbook compared to each of the Adjustment methods for each general land-use category are discussed in the following section. 
Conclusions
In this study, we developed and tested three methods for adjusting the ITE's Trip Generation Handbook estimates for developments located in different urban contexts. The three approaches made use of readily available household travel survey data for three metropolitan regions in the United States: Baltimore, Maryland; Seattle, Washington; and Portland, Oregon. These regions have a wide variety of urban environments, with differing transportation and land-use characteristics. By basing the adjustment approaches on travel surveys from different regions, we aimed to reduce regional bias that may occur with data analyzed from a single region in order to provide a more robust adjustment method that could be broadly applied to communities throughout the United States. Out of all of the land uses tested and verified, the ITE's Trip Generation Handbook estimates the vehicle trip generation counts with less error for residential condominiums/ townhouses, supermarkets and quality (sit-down) restaurants, compared with the urban-context adjusted estimates. Moderate or small improvements from the urban adjustments were observed for mid-rise apartments and high-turnover (sit-down) restaurants. The most substantial improvements in vehicle trip estimates were found with high-rise apartments and condominiums/townhouses, shopping centers, and coffee/donut or bread/donut/bagel shops without drive-through windows. The greatest improvements in estimating automobile trip generation counts using any of the three adjustment methods-A, B, or C-were found for land-use types commonly used as infill developments in more urban areas.
On average, all of the three methods developed and tested here perform better than the ITE's handbook (see Table 7 ). The results demonstrate that urban context adjustments should be considered when using the ITE's handbook trip generation rates for infill developments in densely populated areas with more mixed-use development, smart growth sites, TODs and other locations with strong built environment supports for non-automobile modes.
Of the three approaches, the simplest adjustment approach (Adjustment A) performs similarly to the approaches derived using more complex models (Adjustments B and C). This approach is easy to use in a variety of urban environments and suggests that simple adjustments that account for more multimodal travel to urban destinations to the ITE method can have marked improvements. This finding illustrates one of the shortcomings of the ITE Trip Generation Handbook, which is one of the most widely used transportation references in use throughout the country.
Its lack of sensitivity to urban context is just one of many issues that need to be addressed. Other considerations include: the lack of guidance for estimating non-automobile trips, the need to account for person trips, the inability to include location information, the influence of site design, and the lack of a behavioral framework, to name a few. The current version of the handbook is undergoing a revision, and the ITE is considering changes to the data-collection procedures to address these current limitations. The findings from this study provide a stop-gap mechanism to deal with the urban context adjustment issue until an adequate amount of new data exist or an alternate approach is available. Additional establishment-level trip generation counts representing more land uses, time periods and regions are necessary to determine how the ITE's handbook performs in other circumstances, including assessing the transferability of the vehicle trip end rates or mode share reductions across the United States.
However, this study is not without limitations. In terms of the representation of urban context, this analysis employed only one measure of the built environment at a time, selected based on its predictive power or sensitivity to land-use policy in the planning practice. While a single built environment measure provides a parsimonious way to account for often-correlated measures, methods that distill built environment information into composite measures (i.e., factor and/or cluster analysis) may allow for a more robust representation of many measures of the built environment and how they work together to define the urban context (Clifton et al. 2012 , Cervero and Kockelman 1997 . Future iterations of this research may consider developing and testing these composite measures from across the United States. More research is needed to test additional measures describing the environment and the corresponding performance in the application for establishment-level data. Moreover, as more data becomes more ubiquitously available, it will become feasible to incorporate more robust measures of the built environment. For example, future iterations of this work could control for bus transit and the quality of public transportation services using the Google Transit Feed Specification data compiled nationally and available online. 4 Considering the method itself, there are also biases introduced through using travel survey data and the assumptions made about data collected for the ITE's handbook. Travel surveys, for example, capture trips for one household based on a sample of households in the region. Historically, travel surveys have typically underrepresented non-motorized travel, specifically short walk trips (Singleton and Clifton 2013) . This means that the mode share estimates in Adjustments A, B, and C are likely overestimating automobile mode shares. Delivery and truck traffic is also not accounted for in traditional travel surveys and should be considered in a separate but complementary trip generation analysis. In another example, there may be an underrepresentation of activities, locations, vehicle occupancies, and/or modal decisions taken by households that were less likely to participate in the travel survey or were underrepresented in the sample. Weighting the travel surveys according to sampling schemes becomes problematic when combining several different regionally developed surveys. Ideally, we would also like to weight our sample by urban context and land use, making sure we adequately represent the availability of the general land-use categories across all urban area types in the United States. Further exploration and development of context-based weights may prove useful if this method is adopted into practice.
Moreover, the assumptions we make in our adjustment methods may also lead to biased estimates. We assume the data from the ITE's handbook has a 100 percent automobile mode share and a person per vehicle occupancy rate-unless information is otherwise provided. Applying a mode share adjustment like this method is consistent with the JHK and Associates method for adjusting for transportation impact factors (1996, Institute of Transportation Engineers 2004 p. 121) and has been recommended in at least two other methods that accounts for non-automobile trip-makers (Ewing et al. 2011 , Daisa et al. 2013 . The assumption that the locations observed in the ITE's handbook have a 100 percent automobile mode share and a 1.0 vehicle occupancy for the ITE's handbook data-where other information is not available-implies a one-to-one direct adjustment between vehicle trips to person trips. Each vehicle trip is assumed to be a person trip. For urban contexts, therefore, we assume that every person who comes by a mode other than a personal automobile equates to one fewer automobile trip to that establishment. Assuming values lower than 100 percent for an automobile mode share and greater than a 1.0 vehicle occupancy rate will result in a higher estimate of the ITE person trips, corresponding with a higher estimate for urban context adjusted vehicle trips at the study location (see Equation 1 and Equation 2 in "Appendix: Equations" on page 119 for more information). If the user has information that describes the mode share or vehicle occupancy at locations situated in areas similar to the ITE handbook locations, we recommend that it be used in lieu of the 100 automobile/1.0 persons per vehicle assumptions.
However, considering both the biases in the assumptions of the direct adjustment as well as those inherent when using travel survey data, the question we are now forced to ask is: What is a conservative estimate? Naturally, we want to reduce the overall error in estimating vehicle trip generation rates, but if one method consistently overestimates automobile trip rates-leading to a greater automobile facility build-out than necessary-and a second method consistently underestimates them-leading to more congestion-which method should we prefer? And how much error is tolerable in either overestimation or underestimation? These are the questions we must ask before we are able to move forward evolving the practice of trip generation estimation.
In terms of other future work, the literature suggests that the relationship between the built environment and travel behavior changes significantly when controlling for socio-demographic characteristics of the trip-maker and travel characteristics of the trip itself (Ewing et al. 1996 , Ewing and Cervero 2010 , Crane 2000 . The ITE's Trip Generation Handbook method, initially developed in the 1960s, ignores the individual-level characteristics of the trip-makers. Total vehicle trips are considered a function of the size of the establishment, whether measured in square footage, employees or seats. Subsequently, socio-demographics are not controlled for in trip generation analysis despite the fact that it has been long understood that trip-maker characteristics play an important role in determining trip-maker behavior and most regional travel models use them as the primary predictors of trip generation.
Overall, this study provides another method to accommodate the increasing demand for a more urban-sensitive framework to estimate travel demand at a variety of land uses. In part, this demand is due to changes in the goals of jurisdictions to grow more dense or diverse cities. Moreover, this growing interest in urban-sensitive trip generation methods reflects a promising desire to accommodate biking, walking and transit modes when planning for new developments and their impacts on the transportation network. 
